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Yynopsi s 

A s e r i  es of new polyphenyl q u i  noxal i nes ( P P Q )  c o n t a i  n i  nq a1 k y l  enedioxy 

u n i t s  w i t h i n  t h e  hackhone were prepared i n  h igh  molecular  weiqht forms 

( q i n h  = 0.82-1.5 dL/g). 

203 and ?4loC, decreasing w i t h  increas nq l eng th  o f  t h e  a lky lenedinxy 

groups. S o l u t i o n  cast  f i l m s  gave tens l e  s t renqth,  t e n s i l e  modulus and 

e l o n g a t i o n  a t  room temperature as high as 14,400 p s i ,  378,nnO p s i  and 8.1%, 

r e s p e c t i v e l y .  

t e n s i o n  specimens t h a t  gave f r a c t u r e  energy (Glc)  as h i g h  as 10.5 

i n - l b / i n 2  . 
st reng ths  o f  4400 p s i  a t  26OC, 3100 p s i  a t  177OC, and 2010 p s i  a t  203OC. 

The PPQ were r e s i s t a n t  t o  normal a i r c r a f t  f l u i d s  bu t  were s o l u b l e  i n  

c h l o r i n a t e d  so l  vents. 

The glass t r a n s i t i o n  temperatures ranqed between 

The PPQ were readi  l y  compression mol ded t o  p r o v i  de compact 

T i tan ium t o  t i t a n i u m  t e n s i l e  shear specimens prov ided average 

A v a r i e t y  of s t r u c t u r a l l y  d i f f e r e n t  pol.yphenylq~rinnxal i nes  (PPQ) have 

heen synthesized f o r  p o s s i h l e  1 1 s ~  i n  h i q h  temperature appl icat ions. '  These 
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s t r u c t u r e s  w r e  u s u a l l y  f u l l y  aromatic, w i t h  t h e  expected h igh  glass t r a n s i -  

t i o n  temperatures and h igh  processing temperatures. 

i n c l  u d i  ng arlhesi ves and m a t  r i  ces i n  composite s t  ruc t i i res  on aerospace 

vehi c l  es, except i onal l y  h i  gh thermal s t a h i  1 i t y  i s not  a1 ways requi  red. 

o f  process ing and good mechanical p roper t i es  are of ten more des i rah le.  

For many app l i ca t i ons ,  

Ease 

The i n c o r p o r a t i o n  o f  a f l e x i h i l i z i n g  segment such as an a l i p h a t i c  o r  an 

a l ky lened ioxy  group i n t o  t h e  repeat u n i t  o f  an a r o m a t i c l h e t e r o c y c l i c  polymer 

i s  an e f f e c t i v e  means of reducing the glass t r a n s i t i o n  temperature and 

improv ing t h e  p r o c e s s a b i l i t y .  A l i p h a t i c  groups have heen incorporated 

w i t h i n  many h e t e r o c y c l i c  polymers such as imide,2 h e n z i m i r l a z ~ l e ~  and 

p h e n y l q ~ i n o x a l i n e . ~  

chain have a l s o  been r e p ~ r t e d . ’ ’ ~  

Polyimides conta in ing a lky lenedioxy u n i t s  i n  t h e  main 

To f u r t h e r  i n v e s t i g a t e  t h e  use of a lky lenedioxy u n i t s  i n  h e t e r o c y c l i c  

polymers, a s e r i e s  o f  PPQ con ta in ing  a,w-alkylenedioxy u n i t s  o f  var ious 

l eng ths  were synthesized. The physical  and mechanical p r o p e r t i e s  of these 

polymers are repor ted herein.  

EX PER It lENTAL 

S t a r t i  na Ma te r i  a1 s 

Benzyl 4-hydroxyphenyl ketone was e i t h e r  used as purchased from A1 d r i  ch 

Chemical Co. o r  prepared by t h e  F r ies  Rearrangement o f  benzyl benzoate i n  

nitrobenzene’ (61% y i e l d  a f t e r  r e c r y s t a l l i z a t i o n  from toluene, mop. 

144-148OC). 

Co. and used as-received. 3,3’-Diaminobenzidine (DAB) was r e c r y s t a l l i z e d  

t w i c e  from water con ta in ing  a small  amount o f  sodium d i t h i o n i t e  t o  y i e l d  

The a,w-di bromoal kanes were purchased from A1 d r i  ch Chemical 
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l i g h t  t a n  c r y s t a l s ,  m.p. 174-176OC ( l i t '  m.p. 179-180°C). - m-Cresol was 

d i s t i l  l e d  under n i t roqen  a t  reduced pressure be fore  rise. 

Vonomer Svnthesi s 

4,4'-Ris (phenylacetyl  )-a,w-diphenoxyal kanes 

The synthes is  o f  a se r ies  o f  4,4 ' -b is-(phenylacetyl  )-~,w-diphenox.y- 

a1 kanes ( l a - e )  was accompl ished by the r e a c t i o n  o f  benzyl 4-hydroxyphenyl 

ketone w i t h  t h e  appropr ia te  a,w-dihromoal kane i n  t h e  presence o f  potassium 

carbooate (Eq. 1). The synthes is  o f  4,4 ' -h is(phenylacetyl  )-1,d-diphenoxy- 

hutane ( I C )  w i l l  serve as a t y p i c a l  example. Senzyl 4-hydroxyphenyl ketone 

(10.66 g ,  0.050 mol) and 1,4-dihromohutane (5.40 q, n.025 mol) were d i s s o l v -  

ed i n  30 mL o f  N,N-dimethylforrnamide (nrlF). Powdered anhydrous potassium 

carbonate (8.64 9, 0.11625 mol) was added and t h e  s t i r r e d  m ix tu re  mainta ined 

a t  13n-140°C f o r  4 h under a n i t roqen  atmosphere. The r e a c t i o n  m ix tu re  was 

al lowed t o  cool s l i g h t l y ,  then added t o  water t o  p r e c i p i t a t e  a gummy s o l i d .  

The s o l i d  was c o l l e c t e d  hy f i l t r a t i o n ,  d r i ed ,  s t i r r e d  w i t h  methanol, and 

f i l t e r e d  t o  remove unreacted 1,4-dihromohutane. The 10.6 q o f  crude s o l i d  

was r e c r y s t a l l i z e d  from ca. 200 mL of to luene t o  p rov ide  IC (9.37 g, 78%); 

m.p. 170.5-171.5OC; IR ( K R r )  1677 cm-I (vs,  sharp, C=0); ' Y  W R  spect ra 

was no t  ohta ined as l a -e  were not so luh le  i n  any common so lvent  a t  room 

temperature. Anal. Calcd f o r  C32H3004: C, 8n.31; H, 6.32 Found: C, 

80.03; H, 6.56. Y e l t i n g  po in ts ,  y i e l d s  a f t e r  r e c r y s t a l l i z a t i o n  f rom 

toluene, and elemental analyses of la-e are g iven i n  Tahle 1. 

4,4' -(a ,u-Di phenoxyal kane) h i  s (phenyl  ethanedi  ones 1 

The corresponding 4,4'-(a,w-diphenoxyal kane) h i s  (phenyl ethanediones) 

2a-e were obtained by t h e  selenium dioxide o x i d a t i o n  o f  la -e  i n  r e f l u x i n g  

g l a c i a l  a c e t i c  acid (Eq. 1). The synthesis o f  4,4'-(1,4-diphenoxyhutane) 
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bis(pheny1ethanedione) (2c)  w i l l  serve as a t y p i c a l  example. 4,4'-Ris- 

(phenyl  a c e t y l  )-1,4-di phenoxyhutane 

(7.99 9, 0.072 mol)  were s t i r r e d  a t  r e f l u x  f o r  4 h i n  100 mL of g l a c i a l  

17.73 g, 0.n36 mol ) and se l  en i  urn d i  ox i  de 

a c e t i c  ac id .  The ho t  mix tu re  was f i l t e r e d  i n  order  t o  remove t h e  h lack  

suspension o f  selenium metal. The f i l t r a t e  was al lowed t o  cool ,  and t h e  

c r y s t a l 1  i zed  y e l l o w  s o l i d  c o l l e c t e d  by f i l t r a t i o n  and d r i e d  t o  p rov ide  14.6 

g o f  crude s o l i d .  R e c r y s t a l l i z a t i o n  from ca. 200 mL o f  to luene a f fo rded  2c 

(13.18 9, 72%) as a l i g h t  ye l l ow  s o l i d ;  m.p. 150.5-157OC; I R  (KRr) 1670, 

1665, and 1659 cm-' (s, C=0); 'H NMR (nYF-d7) 6 1.8-2.7 (m, 4H, CH,), 4.73 

( t ,  4H, A r O C 5 ,  J=4.5 Hz), 7.0-8.15 (m, 18 H, aromat ic) .  

C32H2606: C, 75.88; H, 5.17. Found: C ,  75.W; H, 5.37. M e l t i n g  po in ts ,  

y i e l d s  a f t e r  r e c r y s t a l l i z a t i o n  from toluene, and elemental analyses of 7a-e 

Anal. Calcd fo r  

are g iven i n  Tahle 2. 

Polymer Synthesis 

The polyphenylquinoxal  ines  (PPQ, 3a-e) were synthes ized hy the  

po lymer i za t i on  o f  a s to i ch iomet r i c  amount of t h e  approp r ia te  h is (a -d ike tone)  

(2a-e) w i t h  3,3'-diaminohenzidine (DAB) i n  - m-cresol (ca. 12% s o l i d s  concen- 

t r a t i o n  by weight )  . S p e c i f i c a l l y ,  4,4'-(1,4-diphenoxyhutane) bis(pheny1- 

ethanedione) (10.1310 g, 0.0200 mol) was d isso lved i n  100 m i  o f  - m-cresol 

(warming) under a n i t rogen  atmosphere and t h e  s o l u t i o n  was a l lowed t o  cool  

t o  room temperature. 3,3'-Waminohenzidine (4.2854 g, n.n;lOn mol 1 was added 

t o  t h e  s o l u t i o n  and the  mix tu re  s t i r r e d  a t  room temperature f o r  4 h, f o l l o w -  

ed by heat ing  a t  120-140OC f o r  2 h. The PPQ was i s o l a t e d  hy p r e c i p i t a t i o n  

of t h e  v iscous s o l u t i o n  i n  methanol. The PPQ was c o l l e c t e d  hy f i l t r a t i o n ,  

h o i l e d  i n  methanol, f i l t e r e d  and subsequently d r i e d  under vacuum a t  200°C. 
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Yie lds  were e s s e n t i a l l y  q u a n t i t a t i v e .  

i n  Table 3. 

Charac te r i za t i on  of t h e  PPQ i s  shown 

Films 

Chloroform/m-cresol s o l u t i o n s  (-14% s o l i d s  content )  of t h e  polymers 

were cen t r i f uged ,  t h e  decantate doctored onto p l a t e  glass and d r i e d  a t  

- 4 5 O C  t o  a t a c k - f r e e  form i n  a dust-proof chamber. The f i l m s  on glass 

were f u r t h e r  s tage-dr ied t o  a temperature o f  l O O 0 C  i n  a i r  and 200°C i n  

vacuo. 

ASTM D882 us ing  four t o  s i x  specimens per t e s t  cond i t i on .  

- 
The 2.5 m i l  t h i c k  t ransparent  ye l l ow  f i l m s  were t e s t e d  according t o  

Molded Specimens 

I n  a 1.25 i n .  square s t a i n l e s s  steel  mold, polymers were compression 

molded a t  3017-32OOC under 150 p s i .  

c u t  from t h e  moldings and subsequently tes ted  t o  determine f r a c t u r e  

toughness according t o  ASTM E399 using four  specimens per polymer. 

Min ia ture compact tens ion  specimens were 

Adhesive Specimens 

T i tan ium t o  t i t a n i u m  t e n s i l e  shear specimens w i t h  a Pasa-Jel l  107 

surface t reatment  were f a b r i c a t e d  by increas ing t h e  temperature from 2 6 O C  t o  

3 1 6 O C  under 200 p s i  du r ing  - 4 5  m i n  and ho ld ing  a t  316OC under 200 p s i  f o r  

0.5 hr .  

112-Al100 E glass and subsequently d r i ed  a f t e r  each coat. 

The adhesive tape was prepared by m u l t i p l e  s o l u t i o n  c o a t i n g  o f  

The f i n a l  

v o l a t i l e  content  was < 1%. 

according t o  ASTM n1002. 

Four specimens per  t e s t  c o n d i t i o n  were p u l l e d  

Character izat ion 

M e l t i n g  p o i n t s  were determined by us ing  a Thomas-Hoover c a p i l l a r y  

m e l t i n g  p o i n t  apparatus and a re  uncorrected. I n f r a r e d  ( I R )  spec t ra  were 

obta ined on a Perkin-Elmer Model 297 spectrophotometer. Proton nuc lea r  

. "I+, 2.. ~ , I * *  I r ? *h..rs..r* '4' 
1 I .. . *  . *  G . "  . 8 u. - *.- ' 

t I c .' . %  



magnetic resonance ( ' H  NMR) spectra were taken on a Var ian EM 36l)A 

spectrometer w i t h  t e t r a m e t h y l s i  lane as i n t e r n a l  standard. Inherent  

v i s c o s i t i e s  were obtained from 0.5% so lu t i ons  i n  ch lo ro fo rm a t  25OC. 

Elemental a n a l y s i s  was performed by Ga lb ra i th  Laborator ies,  Inc., Knoxv i l l e ,  

TN. n i f f e r e n t i a l  scanning ca lo r ime t ry  (DSC) was performed a t  a h e a t i n q  r a t e  

o f  20°C/min w i t h  t h e  glass t r a n s i t i o n  temperature (Tg) taken a t  t h e  

i n f l e c t i o n  p o i n t  of t h e  A T  versus temperature curve. 

a temperature -4OOC above t h e  Tg, quenched and rerun. Tors ional  b r a i d  

a n a l y s i s  (TRA) was conducted a t  a heat ing and c o o l i n g  r a t e  o f  3OC/min w i t h  

t h e  Tg taken as t h e  temperature of the damping peak d u r i n g  t h e  cool-down 

a f t e r  hea t ing  t o  300°C i n  n i t rogen.  Thermal mechanical a n a l y s i s  (TMA) of 

f i l m s  i n  t h e  e longa t ion  mode was performed a t  a hea t inq  r a t e  of Fi°C/min w i t h  

2 g added weight us ing  t h e  DuPont Model 94n module. 

ana lys i s  (TGA) was conducted a t  a heat ing r a t e  o f  2.5OC/min i n  f lowing a i r  

o r  n i t r o g e n  on powder samples . 

Samples were heated t o  

Thermogravimetric 

RESIJLTS AND nISCllSSION 

Monomer Sy n t h e s i s 

A few unsuccessful routes t o  synthesize the  4,4 

d i  phenoxyal kanes ( l a -e )  were attempted. For example 

1-( 4-fluorophenyl)-2-phenyl ethanone w i th  1,4-hutanerl 

potassium carbonate was unsuccessful A model reac t  

- h i s  (phenylacety l  ) - a , w -  

t h e  r e a c t i o n  o f  

01 i n  t h e  presence o f  

on u s i n g  sodium 

ethox ide i n  p lace  o f  1,4-butanediol i n  r e f l u x i n g  N,N-dimethylacetamide i n  

t h e  presence o f  a c a t a l y t i c  amount of copper a l s o  f a i l e d  t o  y i e l d  t h e  

desi  red  product  . Another approach i n v o l  ved t h e  F r i e d e l  -C ra f t s  a c y l  a t i o n  o f  

. .. I *  
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1 ,?-diphenoxyethane w i t h  phenyl acety l  c h l o r i d e .  The r e a c t i o n  proceeded 

r e a d i l y  a t  10-15OC i n  e i t h e r  methylene c h l o r i d e  o r  carbon d i s u l f i d e ,  b u t  t h e  

product contained a mix ture of isomers. A f te r  two r e c r y s t a l l i z a t i o n s  from 

toluene, t h e  product was found by high pressure l i q u i d  chromatography (HPLC) 

a n a l y s i s  t o  con ta in  93% o f  l a .  

s u b s t i t u t e d  isomers. 

The remainder was apparent ly  o r tho -  

The r e a c t i o n  of benzyl 4-hydroxyphenyl ketone w i t h  t h e  approp r ia te  

a,w-dihromoalkane i n  the  presence o f  potassium carhonate (Fq. 1) prov ided 

lb -e  i n  good y i e l d s  (Tahle 1).  The poor y i e l d  o f  4 ,4 ' -b is(phenylacety l ) -  

1,2-diphenoxyethane ( l a )  probably resul ted from the  competing e l i m i n a t i o n  

r e a c t i o n  of e thy lene dibromide i n  the a l k a l i n e  r e a c t i o n  mixt i i re .  Oxidat ion 

of l a - e  w i t h  selenium d iox ide  t o  t h e  corresponding b is(a-d iketones)  (?a-e) 

went smoothly (Tahle 1). The lower y i e l d  f o r  4,4'-( 1,2-diphenoxyethane) 

his(pheny1ethanedione) (;la) was due t o  l o s s  of ma te r ia l  d u r i n g  workup and 

not  t o  i ncompl e t e  ox i  dat ion.  

Polyphenylquinoxal ine (PPQ) Synthesis and Charac te r i za t i on  

Polymer izat ion o f  the b is(a-d iketones)  (2a-e) w i t h  3,3'-diaminobenzi- 

d ine ( O A R )  i n  - m-cresol proceeded readi1.y t o  form extremely viscous 

so lu t i ons .  The polymers were p r e c i p i t a t e d  i n  methanol and d r i e d  t o  y i e l d  

f l u f f y  y e l l o w  s o l i d s  w i t h  inherent  v i s c o s i t i e s  from 0.83 t o  1.W rlLlg (Table 

3 ) .  The polymers were r e a d i l y  soluble i n  c h l o r i n a t e d  so l ven ts  such as 

ch lo ro fo rm and sym-tetrachloroethane. However, f i l m  specimens under s t r e s s  

(by bending 0.8 i n  l ong  x 0.25 i n  w ide  x 0.0025 in .  t h i c k  s t r i p s  back upon 

themselves) were unaffected a f t e r  immersion f o r  72 h r  i n  e thy lene g l y c o l  

( d e i c i n g  f l u i d ) ,  JP-4 j e t  f ue l ,  and t r i c r e s y l  phosphate ( h y d r a u l i c  f l u i d ) .  
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The glass t r a n s i t i o n  temperatures o f  PPO were determined by t h r e e  

d i f f e r e n t  methods and are repor ted i n  Table 3. 

d i f f e r  by as much as  10 degrees from one method t o  another, t h e  t r e n d  i s  t he  

same. 

Ry DSC, t h e  PPQ con ta in ing  an ethylenedioxy u n i t  had a Tg of '241OC and t h e  

PPQ c o n t a i n i n g  a 1,6-hexylenedioxy group e x h i b i t e d  a Tg o f  203OC. 

Although t h e  actual  values 

As t h e  l eng th  of t h e  a lky lenedioxy u n i t  increases, t h e  Tg decreases. 

Sy TGA, t h e  a ,w-alkylenedioxy conta in ing PPQ d isp layed i n i t i a l  weight 

l o s s  a t  temperatures lower than expected. 

c o n t a i n i n g  PPQ (3c) e x h i b i t e d  i n i t i a l  weight l o s s  a t  -380OC w i t h  a 5% 

weight l o s s  a t  440OC i n  n i t rogen  (Figure 1). 

i n i t i a l  weight l o s s  a t  -320OC and 5% weight l o s s  a t  4 2 O O C .  

For example, t h e  buty lenedioxy 

I n  a i r ,  t h e  same PPQ e x h i b i t e d  

Thin f i l m  p r o p e r t i e s  o f  PPQ (3b-e) are repor ted i n  Table 4. The 

t e n s i l e  s t r e n g t h  and modulus of 3b and 3c (propy l  enedi oxy and b u t y l  enerlioxy 

c o n t a i n i n g  PPQ) were h ighe r  than t h e  polymers w i t h  longer  a lky lenedioxy 

u n i t s  (3d and 3e). 

s l i g h t l y  h igher  e longat ions as expected. 

p r o p e r t i e s  were r e l a t i v e l y  good w i t h  h igh  r e t e n t i o n  o f  p r o p e r t i e s  a t  93OC. 

For comparison, t h i n  f i l m  p roper t i es  of an a l l - a r o m a t i c  PPQ ( f rom 

4,4'-oxydihenzi l  and DAB) were t e n s i l e  s t r e n g t h  of 17,000 ps i ,  t e n s i l e  

modulus o f  400,000 and e longat ion o f  23% a t  26OC. 

However the  l a t t e r  polymers, being more f l e x i b l e ,  gave 

I n  general,  t h e  t h i n  f i l m  

Despi te Tgs o f  2O3-24l0C, t he  PPQ were e a s i l y  compression molded a t  

300-320°C under 151) ps i .  The f rac tu re  toughness o r  c r i t i c a l  s t r a i n  energy 

re lease  r a t e  ( G I ~ )  were obtained on min ia tu re  compact t e n s i o n  specimens 

with precracks in t roduced v i a  a co ld  razor  blade. 

c o n t a i n i n g  PPQ, polymers 3b, 3c, 3d and 3e, gave GIC of 5.4, 8.3, 10.5 and 

10.5 i n - l b / i $  respec t i ve l y .  The GIC increased as t h e  l e n g t h  o f  t h e  

The a,w-alkylenedioxy 



a lky lened ioxy  group increased. 

4,4 ' -oxydibenzi l  and nAR), [ Inion Carbide's po l ysu l fone  (IlnEL@ P-17nn), and 

General E l e c t r i c ' s  po lyether imide ( I J l t e f l  Inon) were 14.6, 18.3 and 21.1 

i n . -1 h/ i n2 respect i vel  y . 

For comparison, t k e  G l C  o f  a PPO (from 

Average T i  t o  T i  t e n s i l e  shear strengths f o r  1,4-butylenedioxy 

c o n t a i n i n g  PPO (3c)  were 4400 p s i  a t  M 0 C ,  4200 p s i  a t  93OC, 3900 p s i  a t  

15OoC, 3100 p s i  Q 177OC and 7010 p s i  a t  703OC. The f a i l u r e s  were 

predominant ly cohesive. 

C0NCLIISIr)NS 

Polyphenyl qu inoxal  i nes contai  n i  nq a l ky lened i  oxy qroups of 2 t o  6 carbon 

atoms were prepared i n  h igh  molecular weight forms w i t h  Tqs o f  7n3 t o  

241OC. Thin f i l m s  and T i / T i  adhesive specimens qave qood mechanical 

p r o p e r t i e s .  The polymers were r e a d i l y  compressi on mol ded t o  p rov ide  compact 

tens ion  specimens which e x h i b i t e d  G l C  as h igh  as 10.5 i n . - l b / i n2 .  Ry TGA, 

a polymer e x h i b i t e d  5% weight l o s s  in a i r  and i n  n i t r o g e n  a t  420 and 44OOC 

respect i vel  y . 
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TARI-E 1 

Phys i ca l  Constants of 4 ,4  ' - R i  s (phenyl a c e t y l  )-a ,w -d i  phenoxya 1 kanes 

Elemental Anal. 

Compd Cal c Found 
(see Eq. 1 )  m.p., O C  Yields (%) C, % H, x c ,  x H, x 

l a  184.5-186.5 13 79.98 5.82 79.87 6 . m  
l b  1 3 7 - 5 1 3 9  67 80.15 6.07 m . 0 5  6.1.7 

Id 108.5-109.5 68 80.46, 6 .55  80.84 6.81 
IC 170.5-171.5 78 80.31 6.32 80.03 6.56 

le  153-1 56 a6 8o.m 6.76 79.89 6 .92  
~ ~~~~ ~~~ ~~~ 

a Y i e 1 d a f t F! r rec  ry s t a 1 1 i z a t i on from t o  1 11 en e. 



TARLF ? 

Physical  Constants o f  4 , 4 ' - ( ~ ~ , ~ - D i p h e n o x y a l  kane)  b is(pheny1ethanediones)  

Elemental  Anal. 

Compd Cal c .  Found 

( s e e  Eq. 1) rn.p., O C  Y i e l d a  ($1 C ,  % H, S: C ,  4; H, % 

7a 17Q-173 45 75.30 4.63 75.64 4.86 
2b 190.5-191.5 72 75.60 4.91 75.37 5.06 

2C 150 -5-1 52 72 75 -88 5.17 75.90 5.32 

2d 143.5-145 79 76.14 5.42 76.22 5.65 

7e 132.5-1 33.5 77 76 39 5.66 76.35 5.88 

a y i e l r l  a f t e r  r e c r . y s t a l l i z a t i o n  from to luene .  



TARLF 3 

Charac ter iza t ion  of Polyphenyl qu i  noxal i nes 

P PO 
(see Eq. 2)  

3a 

3b 

3c 

3d 

3e 

I 

Tg ("C) 
,inha OSCb TRAC 

( d L / g )  
Heat -up Cool -down 

0.82 241 236 249 

1.05 238 232 243 

0.93 220 219 225 

1.14 212 203 214 

1.50 203 197 203 

aInherent  v i scos i t y ,  0.5% s o l u t i o n  i n  ch lo ro fo rm a t  75OC. 

hi f f e r e n t i  a1 scanning ca lo r ime t ry  a t  h e a t i  ng r a t e  of 2ooC/mi n . 
CTorsional  b r a i d  ana lys is  a t  heat ing  r a t e  o f  3"C/min. 

dThermal mechanical ana lys i s  a t  heat ing r a t e  o f  5"C/mi n. 
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